Supercritical fluid extraction (SFE) is emerging as a valuable analytical technique for use as an alternative to conventional solid-phase (SPE) and liquid-liquid extraction techniques. It is a relatively new technique based on the use of supercritical fluids for the isolation of analytes from various matrices and is attracting great interest because of the increasing need for a simple, rapid, environmentally friendly, automated, and selective extraction method. A new method using SFE procedures for the extraction of cocaine and its major metabolites, benzoylecgonine and ecgonine methyl ester, from whole blood and urine was developed. This study has shown that cocaine and its metabolites can be successfully extracted from blood and urine using SFE techniques. Levels measured using SFE have shown analyte recovery better than 70% for cocaine, better than 40% for benzoylecgonine, and better than 85% for ecognine methyl ester from whole blood and urine. Good run-to-run reproducibility was observed between each extraction with limits of detection and quantitation of 1 ng and 10 ng based on 200 pL of blood and urine. A comparison between SPE and developed SFE techniques was investigated to observe if a correlation existed between the two methods. Studies proved that a correlation did exist between the two methods for spiked blood and urine samples with comparative results. This paper details a procedure for the extraction of cocaine and its metabolites from blood and urine.
Introduction
A supercritical fluid (SF) is a substance that is above its critical temperature and pressure (1) . They have unique physical properties, which make them suitable as alternative extraction solvents. An important feature of SFs as solvents is that the solvating strength of the fluid is directly related to density. The density can be varied easily as a function of pressure and temperature. However, in general, SFs have solvating properties similar to a liquid while having viscosities closer to a gas.
The SF of choice is C02 because of its low critical pressure and temperature (73.8 bar and 31.1~ It is a nonpolar gas that *Author to whom correspondence should be addressed.
exhibits great solvent strength towards polar molecules (2) . C02 is nontoxic, nonflammable, inexpensive, a good solvent for organics, and can be used with small amounts of entrainers (e.g., MeOH). These entrainers or modifiers can vary the extraction power of the fluid to produce greater analyte recovery. In addition, for quantitative analysis, the selection of suitable conditions to extract analytes from complex matrices is relatively straightforward.
SFE is simple to carry out and can be used in conjunction with any technique that is appropriate for the extracted analytes (e.g., gas chromatography-mass spectrometry [GC-MS] ). Supplied by a pump, a known pressure of the extraction fluid (C02) is applied to the extraction column at ambient conditions. The extraction cell containing the sample is placed in an oven at a set temperature above the critical temperature of the supercritical fluid. During the extraction, soluble analytes are partitioned from the sample matrix into the supercritical fluid. The analytes are then swept through a restrictor at ambient pressures and depressurized into a collection vial containing a solvent (e.g., MeOH). The extraction fluids are vented from the collection vial, and the analytes are retained for analysis.
There are numerous studies on the extraction of drugs of abuse from various biological matrices, such as serum (3), plasma (4), urine (5), hair (6) , and vitreous humor (7), using solid-phase or liquid-liquid extraction, immunoassay, and other extraction techniques. However, most literature published on SFE relates to organic chemical substances, including organic chemical separation from water, caffeine from coffee beans, pesticide residue, polynuclear aromatic hydrocarbons and polychlorinated biphenyls (8) , and oils from natural products (9) . More recently, SFE has been used for the extraction of drugs of abuse from various matrices (10) (11) (12) (13) (14) . Several authors have reported the super or subcritical analysis of drugs using various techniques. Janicot et al. (10) used C02 for the successful separation of opium alkaloids from poppy straw, followed by Edder et al. (11) , who reported the use of SF-C02 for the extraction of opiates from biological matrices, and Lawrence et al. (15) , who used SFE to extract benodiazepines from their solid dosage forms. More recently, other authors such as Sach and Uhl (16) and Sach and Raft (17) demonstrated for the first time the use of supercritical fluids in the extraction of drugs in hair.
There are various analytical methods for the analysis of cocaine and its metabolites from both blood and urine. However, in forensic analysis of postmortem case samples, plasma is seldom available, and the tissue most commonly supplied is hemolyzed, often putrefied, blood. Therefore, a suitable method should be applied capable of detecting concentration levels of cocaine and its metabolites down to nanogram levels. This study reports the development of an application of SFE to the recovery of cocaine (COC) and its metabolites benzoylecgonine (BZE) and ecgonine methyl ester (EME) from both whole blood and urine.
Experimental Materials
AnalaR-grade isopropyl alcohol was supplied by Merck (Poole, U.K.), and HPLC-grade methanol, dichloromethane, and ammonia were supplied by Analytical Sciences LabScan (Dublin, Ireland). CO2-Air Products were provided by Waltonon-Thames in the U.K., and the diatomaceous earth (Extrelut | was supplied by Merck. SFE 6-mL HypoviaF M vials were purchased from Pierce (Oud-Beyerland, The Netherlands), and the butyl rubber septas were from Pierce and Warner (Chester, U.K.). The columns for SFE were 3.4-cm x 4.6-ram i.d. stainless steel tubing.
COC, COC-d3, BZE, and EME stock standards were purchased in ampules of 1 mg/mL and 100 lag/mL that were supplied by Sigma Chemicals (St. Louis, MO). The derivatization agent N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) was supplied by Pierce Chemical Co. The SFE instrument used was manufactured by Gilson Instruments and supplied by Anachem Instruments (Luton, U.K.).
Stock solutions
Drug and internal standard stock solutions were prepared in methanol (1 lag/mL and 10 lag/mL).
SFE
The pressure, CO2 amount, modifier, and flow rate were all measured using a Gilson 308 "master" pump, that controlled a Gilson 306 "slave" pump. The slave pump delivers organic modifier solvent to a Gilson 811B dynamic mixer that mixes the solvent with the CO2. The Gilson 821-pressure regulator was controlled by the 308 pump that controlled the operation of the pressure regulation valve indicated by P2 and P1 on the program. P2 was used to maintain the required pressure levels at the outlet. P1 was used to implement the flow rate accuracy corrections and ensured that the system pressure was not above or below the limits entered in the program.
An HPLC 7125 Rheodyne valve was placed inline between the 811B mixer and the extraction cell, which was housed inside a Gilson 831 temperature regulator (oven), for the application of the gas and modifier to the cell. A second valve located below the 7125 valve was used to switch the extraction from static to dynamic (continuous) mode. SFE pressure conditions were set at 3500 psi with a flow rate of 2 mL/min and temperature of 40~ DCM/IPA/NH3 (78:20:2, v/v/v, 100-200 laL) was used as a modifier and added to the extraction cell with 100% CO2 as the supercritical fluid.
Samples were prepared in weighing boats containing approximately 0.13 g of the extraction media Extrelut. One-hundred microliters of internal standard (100 ng cocaine-d3) and 100 laL from each stock standard (100 ng COC, BZE, and EME) were added to 200 laL of blood or urine, which was then pipetted onto the media. The contents of the boat were mixed and allowed to dry overnight in a drying chamber at room temperature or until a friable consistency was achieved.
The Rheodyne valve was set to the load position and the instrument left to equilibrate until ready for extraction. The sample was loosely packed into a stainless steel extraction cell and 100-200 laL of modifier was added directly to the sample cell. The extraction cell was sealed and placed inside the temperature regulator that was set at 40~
The extraction was started by switching the Rheodyne valve from the load (equilibrate) to the inject (extract) position and left for 10 min in static mode, then switched to dynamic mode for 20 min. The analytes were eluted though the outlet and were collected by expansion into a Hypovial containing 3 mL of MeOH. Figure 1 shows the depressurization of the analytes into the Hypovial containing solvent. The sample was evaporated under nitrogen at 40~ and derivatized with 50 laL of BSTFA at 70~ for 20 min and 1 IJL was injected into the GC/MS.
GC-MS
A Fisons model GC 8000 series MD 800 in the EI mode (30-m x 0.53-mm  i.d., 0.88-1am film thickness) . The carrier gas was helium with gas flow rate of 1 mL/min. The temperature was set at an initial 100~ and a final temperature of 300~ for 2 min with an oven rise of 10~ The injector temperature was set at 250~
Comparison between SFE and SPE
A comparison between SFE and SPE was made to investigate whether the two methods correlate for the extraction of blood and urine for COC, BZE, and EME. Because of the lack of cocaine-positive blood and urine forensic case specimens received into the laboratory, spiked samples were used for comparison between the two methods. From a stock solution of a 10 lag/mL, 50 laL of each drug was pipetted into three separate test tubes containing 1 mL of pretreated blood or urine for SPE and 200 laL of blood or urine for SFE. Samples were extracted, evaporated to dryness under a stream of ni- trogen, and derivatized. One microliter of sample was then injected into the OC-MS for analysis.
Results and Discussion
SFE can be used as an alternative sample extraction technique for the extraction of COC, BZE, and EME from blood or urine. The favorable mass transport and variable solvating powers of supercritical fluids have encouraged researchers to investigate SFE as an alternative to conventional procedures for drug testing. However, there is very limited literature on the SFE of drugs of abuse from biological matrices, with the exception of matrix-bound drugs from hair.
Several spiked blood and urine samples were prepared and ex- tracted under the aforementioned conditions. Quantitation by the SFE method was achieved by the addition of COC-d3 m/z 185 that was used as a reference ion to calculate the concentration ratios ofCOC rn/z 182 and 303, BZE m/z 361 and 240, and EME m/z 82 for both blood and urine. Figure 2 shows a chromatograph of a typical GC-MS trace for COC, BZE, and EME.
Good run-to-run reproducibility was observed between each extraction (n = 5) indicating the accuracy of the method from run to run. Tables I and II show comparison of the variability of each drug for each SFE run for blood and urine (n = 5).
Recoveries were better than 70% for COC in blood, better than 40% for BZE, and better than 85% for EME. Recoveries were better than 75% for COC in urine, better than 49% for BZE, and better than 90% for EME. Because of the tow recoveries of BZE, each drug was individually spiked onto blood and urine Extrelut samples and extracted under SFE conditions. This was to investigate possibility of hydrolysis of COC to BZE or EME, which were not observed. Overall, reproducibility from run to run for COC, BZE, and EME in blood and urine produced good standard deviations and relative standard deviations (%CV). Table III summarizes the method validation of cocaine and its metabolites from both blood and urine. Methods producing relative standard deviations of less than 10% were reported to be acceptable for method validation of biological specimens (18) .
Three calibration curves shown in Figures 3 and 4 were produced for each drug from 200 pL of blood and urine over a Tables IV  and V. Table VI summarizes the concentration ranges for the calibration curves and the limits of detection (LOD) and quantitation (LOQ) for each drug. The LOD for COC, BZE, and EME was determined by using 200 pL of blank blood spiked from a 1-~g/mL solution. For the three drugs, the LOD was 1 ng with an LOQ of 10 ng in blood and urine. SPE and the developed SFE methods were compared to find the existence of a correlation. Results showed that a correlation existed between the two methods with small differences observed. The percent differences between the two methods were 0.04, 0.09, and 0.08 for COC in blood; 0.03, 0, and 0.05 for BZE in blood; and 0.07, 0.03, and 0.03 for EME in blood. For urine, the percent differences were 0.10, 0.06, and 0.02 for COC; 0.04, 0.06, and 0.05 for BZE; and 0.09, 0.07, and 0.06 for EME. Results from both methods for blood and urine are summarized in Table VII Table V for both methods for blood and urine; the graphs clearly show the variation between the two methods.
Conclusions
At present, COC analysis from biological matrices involves an SPE method. The current study demonstrates that SFE can be used as a possible alternative to conventional methods for the isolation of drugs of abuse such as COC, BZE, and EME from blood and urine.
Various temperatures, pressures, flow rates, and modifiers were investigated during method development. However, the described chosen conditions proved to give the best results for cocaine and its metabolites. Recoveries greater than 70% were reported for COC, and recoveries greater than 85% were reported for EME. However, BZE recoveries were reported to be greater than 40%, which was lower than COC and EME. A possible explanation would be because the BZE analyte is a zwitterion; a closer control of the extraction pH would have probably increased the yields. However, because the developed procedures produced a reproducible extraction and were optimized to maximize the recovery of the major metabolite (BZE), further development was deemed unnecessary. SPE techniques were compared to the developed SFE techniques to find if a correlation existed. A correlation was observed between SPE and SFE for the extraction of COC and its metabolites. Small percentage differences were observed between the two methods; however, both methods were comparable. This developed SFE method for the recovery of COC and its metabolites has demonstrated its potential usage for the extraction from spiked whole blood and urine.
